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Description 

10001] The present invention relates to a process of producing hydroxyalkanal by hydrating an unsaturated aldehyde 
with a solution in the presence of a catalyst. 
5 [0002] In conventional processes, an unsaturated aldehyde, namely, acrolein, Is hydrated with a solution In the pres- 
ence of a catalyst to obtain hydroxyalkanal, namely, 3-hydroxypropanal(3-hydroxypropbnaIdehyde) p which will be ex- 
plained in the following paragraphs. 

[QQQ3] U.S. Patent No. 2,434,110 discloses a process, in which a mineral acid, such as a sulfuric acid, is used as a 
homogeneous acid catalyst for the above reaction step. However. 3-hydroxypropanal retains low selectivity in this 
10 process, and thus is not produced efficiently. In addition, neither 3-hydroxypropanal is readily separated from the ho- 
mogeneous catalyst, nor the catalyst can be re-used easily. 

[0004] To eliminate such a drawback, processes for Improving the selectivity of 3-hydroxypropanai are proposed in 
the undermentioned publications. U.S. Patent No. 3,536,763 discloses a process, in which an acid ion exchange resin 
is used as an heterogeneous acid catalyst for the above reaction step. U.S. Patent No. 5,016,789 and U.S. Patent No. 

19 5,171,898 disclose processes, In which an ion exchange resin containing a phosphonate group, an amino group, or 
an amlnophosphate group is used as a heterogeneous acid catalyst for the above reaction step. U.S. Patent No. 
5,093,537 discloses a process, in which alumina bonding zeolite is used as a heterogeneous acid catalyst for the above 
reaction step. U.S. Patent No. 5,276,201 discloses a process. In which "TiOj carrying a phosphoric acid is used as a 
heterogenous acid catalyst for the above reaction step. Also, U.S. Patent No. 5,284,979 discloses a process, in which 

70 trie above reaction step is performed using a buffer solution containing a carboxylic acid and tertiary amine in the 
presence of an acid catalyst. 

[0005] If a resulting solution of the raw material, acrolein, has low density (i.e., lower than 20 percent by weight), 
3-hydroxypropanal retains satisfactory selectivity, thereby making it possible to obtain 3-hydroxypropanal at high se- 
lectivity by the above processes. 

25 [0006] However, the Inventors of the present invention found that when an industrially advantageous high-density 
acrolein solution (i.e., 20 or more percent by weight) is used for the reaction In each of the above processes, a reaction 
product, 3-hydroxypropanal, triggers an active consecutive reaction (side reaction) because it has an aldehyde group. 
In other words, the above processes have a drawback that the selectivity from acrolein to 3-hydroxyprppanal, and 
hence the selectivity of 3-hydroxypropanal is reduced as the density of the solution Increases. 

30 [0007] In addition, the heterogeneous acid catalysts used in the above conventional processes have poor resistance 
to heat. Thus, if a reaction temperature is raised (over 65°C) to accelerate the hydration reaction, the heterogeneous 
acid catalysts are deactivated, thereby reducing the selectivity of 3-hydroxypropanal. Further, although the reason why 
is not apparent, the metal-carrying heterogeneous acid catalysts used in the above conventional processes retain a 
low reaction rate in hydration, thereby reducing an industrially advantageous short-time conversion of acrolein. 

as [0008] Therefore, these processes are not Industrially satisfactory, because not only the conversion of acrolein is 
low, but also the reaction rate can not be increased by heating, besides the yield of 3-hydroxypropanal can not be 
improved by increasing the density of acrolein solution. 

[0009] It is therefore an object of the present Invention to provide a process of producing hydroxyalkanal capable of 
(1) increasing a reaction rate by heating while improving an industrially advantageous short-time conversion of an 
40 unsaturated aldehyde with the use of a heat-resistant catalyst, and (2) producing hydroxyalkanal at high yield and 
selectivity out of an Industrially advantageous high-density unsaturated aldehyde solution. 

10010] To fulfil the above object, the inventors of the present invention performed experiments of processes for pro- 
ducing hydroxyalkanal by hydratlng an unsaturated aldehyde with a solution in the presence of a catalyst, and found 
that the selectivity from an unsaturated aldehyde to hydroxyalkanal and the yield of hydroxyalkanal wera Improved 
4s when the catalyst was a carbDxylic-acid-based resin having a substitutional group of a specific structure, and/or a 
carboxylioacid-based resin made of a copolymer of an unsaturated monomer (A) containing a carboxyl group with an 
unsaturated monomer (B) containing an amide group or both amide and amino groups. It was also acknowledged that 
the carboxyllc-acid-based resin serving as the catalyst retained excellent heat resistance and the reaction temperature 
could be raised, thereby making it possible to increase the reaction rate by heating. In other words, the gist of the 
present invention 13 to use a heat-resistant carboxylic-acld-based resin as a catalyst, and the effects are that (1 ) the 
reaction rate can be raised by heating, and (2) hydroxyalkanal can be produced at high selectivity and yield out of an 
industrially advantageous high-density unsaturated aldehyde solution. 

£00111 The Inventors of the present invention also found that the reaction rate of the hydration was increased and 
the selectivity from an unsaturated aldehyde to hydroxyalkanal and the yield of hydroxyalkanal were also improved 
when the catalyst was a metal-carrying ion exchange resin. In other wards, the gist of the present invention is to use 
a metal-carrying ion exchange resin as a catalyst, and the effects are that (1) an industrially advantageous short-time 
conversion of an unsaturated aldehyde is improved, and (2) hydroxyalkanal can be produced at high selectivity and 
yield out of an industrially advantageous high-density unsaturated aldehyde solution. 
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[0012] To fulfill the above object, a process of producing hydroxyalkanal in accordance with the present invention is 
characterized by comprising a step of hydrating an unsaturated aldehyde expressed by Formula (I) below with a solution 
In the-presence of a carboxylic-acid-based resin containing a substitutional group having at feast one structure selected 
from a group consisting of structures expressed by Formulas (II) , (III), (IV) below: 



R 
I 

H 2 C=CCHO ( I ) 



10 



where R represents a hydrogen atom or hydrocarbon group having up to five carbons; 



15 



20 



X- ( -CH 2 -) U -C-N- [ - ( -CH 2 - ) al -Y 1 -] aL -R 2 
I 



» * * * * 



(II) 



where R 1 and R 2 respectively represent a hydrogen atom, hydrocarbon group having up to five carbons, or 
CH 2 -) p1 -X group, p t , k v and m 1 respectively represent an integer from zero to six, n 1 represents an Integer from 
one to six, represents -O-, -S-, or -NR 3 -, R 3 represents a hydrogen atom or hydrocarbon group having up to 
25 five carbons, and X represents a carboxyllc-acid- based resin main body; 



30 



40 



X-f-CHj-Jw-N C = 0 (Ill) 



(-CRJlj-),! 



where R 4 and R s respectively represent a hydrogen atom or hydrocarbon group having up to five carbons, \^ 
35 represents an Integer from zero to six, represents an Integer from three to six. and X represents a carboxylic- 

acid-based resin main body; 



X- ( -CH 2 - ) ^-N-C-Rt ( IV ) 

I 9 



45 where represents a hydrogen atom, hydrocarbon group having up to five carbons, or -(-CH 2 -) p ;r x group, pj 

represents an integer from zero to six, R 7 represents a hydrocarbon group having up to frve carbons or *(-CH 2 -)p3- 
X group, p 3 and k 3 respectively represent an integer from zero to six, and X represents a carboxylic-acld-based 
resin main body 



50 [001 3] According to the above process, not only a reaction rate can be increased by heating, but also the consecutive 
reaction (side reaction) of the reaction product, namely, hydroxyalkanal, Is curbed, thereby making it possible to produce 
hydroxyalkanal at high selectivity and yield out of a high-density unsaturated aldehyde solution. That is to say, using 
a heat-resistant carboxylic-acid-based resin can increase the reaction rate by heating and trigger a reaction of an 
industrially advantageous high-density unsaturated aldehyde solution, thereby improving the yield of hydroxyalkanal. 

55 [0014] To fulfill the above object, a process of producing hydroxyalkanal In accordance with the present Invention is 
characterized by comprising a step of hydratimg an unsaturated aldehyde expressed by Formula (I) with a solution in 
the presence of a carpoxylic acid based resin as described above but which is a metal-carrying ion exchange resin. 
[0015] According to the above process, not only a reaction rate can be increased, but also the consecutive reaction 
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(sida reaction) of tha reaction product namely, hydroxys Ikanal, is curbed, thereby making it possible to produce by- 
droxyalkanal at high selectivity and yield out of a high-density unsaturated aldehyde solution. That is to say, using a 
metal-carrying ion exchange resin can Improve an industrially advantageous short-time conversion of an unsaturated 
aldehyde, and trigger a reaction of a high-density unsaturated aldehyde solution, thereby Improving the yield of hy- 
s droxyalkanal. 

[0016] Other objects and advantages of the present Invention will become apparent from tha detailed description to 
follow taken in conjunction with the appended claims, 

[001 7] The raw material of the present Invention, namely, an unsaturated aldehyde (2-alkenal) expressed by Formula 

(I) mentioned above, is not especially limited. In Formula (I), however, a substitutional group represented by R is a 
io hydrogen atom or hydrocarbon group having up to five carbons, and the hydrocarbon group referred herein is a methyl 

group, ethyl group, propyl group, butyl group, or amyl group. Examples of the unsaturated aldehyde are: acrolein, 
methacrotBin, 2-formyl-1-butene, 2^formyl-1-pantene, 2-formyM-hexene, 2-formyM-heptene. and the like. Of all these 
examples, a preferable unsaturated aldehyde is acrolein. 

[0018] According to the process In accordance with the present Invention, Bither 2-hydroxyalkanal or 3-hydroxyal- 
is kanal is selectively obtained from these examples. More precisely, in case of acrolein whose substitutional group rep- 
resented by R in Formula (I) is a hydrogen atom, 3-hydroxyalkanal, namely, 3-hydroxypropanal (3-hydroxypropional- 
dehyde) is selectively obtained. In case Of an unsaturated aldehyde whose substitutional group represented by R in 
Formula (1) is a hydrocarbon group, 2-hydroxyalkanal Is selectively obtained. Note that 3-hydroxypropanal. obtained 
when acrolein is used as the unsaturated aldehyde, is an Industrially important raw material of 1,3-propanediol. 
20 [0019] The density of an unsaturated aldehyde solution (hereinafter referred to as thedensity) is, although it depends 
on unsaturated aldehyde's solubility to water, a reaction temperature, etc., preferably In a range between 5 percent by 
weight and saturation, more preferably in a range between 5 percent by weight and 50 percent by weight, further 
preferably in a range between 20 percent by weight and 50 percent by weight, and most preferably in a range between 
25 percent by weight and 40 percent by weight. The density lower than 5 percent by weight is not preferable because 
*5 the yield of hydroxyalkanal is reduced- The density exceeding the saturation is not preferable either because an un- 
dissolved unsaturated aldehyde triggers a polymerization reaction or the like, and thus reduces the selectivity to hy- 
droxyalkanal. 

[0020] The catalyst used in the present invention may be 

30 (1) a carboxylic-acid-based resin containing a substitutional group having at least one structure selected from a 

group consisting of structures represented by Formulas (II), (III), (IV) mentioned above; 
(2) a carboxylic-acid-based resin as described in (1) above which is made of a copolymer of an unsaturated mon- 
omer (A) containing a carboxyl group with an unsaturated monomer (B) containing a amide group or both an amide 
and amino group ; or 

35 (3) a carboxylic acid based resin according to (1) or (2) above which is a metal-carrying Ion exchange resin. 

[0021] In short, the catalyst used in the present invention Is (1) a carboxylic-acid-based resin containing a substitu- 
tional group having at least one structure selected from a group consisting of structures expressed by Formulas (II) 
through (IV), (2) a carboxyllc-acld-based resin made of a copolymer of the unsaturated monomer (A) with the unsatu- 

40 rated monomer (B). or (3) a metal-carrying ion exchange resin. One or more than one of these catalysts are used. 
Note that in Formulas, X represents a carboxyllc-acld-based resin main body, and a carboxylic-acid-based resin Is a 
polymer containing a number of free carboxyl groups. Also, a hydrocarbon group having up to five carbons referred in 
Formulas (II) through (IV) is a methyl group, ethyl group, propyl group, butyl group, or amyl group. 
J0022J A carboxylic-acid-based resin containing an amide group (substitutional group) having a structure expressed 

45 by Formula (II), (III), or (IV) is not especially limited. The carboxylic-acid-based resin main body may be a homopolymer 
of monomers (hereinafter referred to as comonomer for the explanation's convenience) containing a carboxyl group 
or a copolymer of a monomer containing a carboxyl group with another polymer which can copolymerize with the 
aforementioned monomer containing a carboxyl group. 

[0Q23] The monomer containing a carboxyl group includes, but i6 not limited to, a carboxylic acid, such as a (meta) 
so acrylic acid, a malelc acid, and a fumaric acid. One or more than one of these monomers are used as occasion demands. 
[0024J Tho comonomer may be, but is not limited to. a monomer including an olefin group. Examples of the comon- 
omer are: ester of the above-mentioned monomer containing a carboxyl group, styrena, vinytpyridine. The comonomer 
may also contain a function group other than the carboxyl group, such as a phosphate group, a sulfonate group, 
hydroxy I group. One or more than ono of these ccmonomers are used. 
55 10025] Of all the carboxylic-acid-based resins including an amide group having a structure expressed by Formula 

(II) , a carboxylic-acid-based resin whose bivalent substitutional group represented hy includes either a nitrogen 
atom or sulfur atom is preferable, and the one whose Y, includes a sulfur atom is particularly preferable in terms of 
catalytic reactivity, Also, of all the carboxylic-acid-based resins Including an amide group having a structure expressed 
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by Formula (III), a carboxylic-acid-based resin having an amide group represented by ^ whose cyclic unit is three is 
preferable in terms of catalytic reactivity. 

[0026] A preferred carboxylic-acjd-based resin (main body) is a {rneta)acrylic-acld-based resin, and when the (meta) 
acrylic-acid-bassd resin includes an amide group, a (meta)acrylic acid-(meta)acryiamides copolymer and a (meta) 

5 acrylic acid-vinylpyrolidones polymer are preferable. The (meta)acryllc acid-{meta)acrylamides copolymer includes, 
but is not limited to, a (meta)acrylic acld-(mata)acry|amide copolymer, a (meta)acrylic acid-N,N-dimethyl(meta)acryla" 
mide copolymer, a (meta)acryllc acid-N-isapropyl(meta)acrylamide copolymer, a (meta)acrylic acid-N.N-dimethylami- 
nopropyl(meta)acrylamlde copolymer The (meta)acrylic acid-viny!pyrolidone3 polymer includes, but js not limited to, 
an acrylic acld-N-vlnylpyrolidopos copolymer. 

10 [0027] The carboxy|jc-acjd-based resin made of a copolymer of the unsaturated monomer (A) with the unsaturated 
monomBr(B) is not especially limited. The unsaturated monomer (A) includes, but is not limited to. the above-mentioned 
monomer containing a carboxyl group. 

[0028] A substitutional group expressed by Formula (VII) below may bond to a nitrogen atom composing the amide 
■ group or either the amide or amino group of the unsaturated monomer (B). 

+(-CH a -) w -Y a .^ 1 s (TO 

where n 3 represents an Integer from one to six, Y 3 represents -O-, -NR 14 -. or ^CH^. represents a hydrogen 
*° atom or hydrocarbon having up to five carbons, m 3 represents an integer from zero to six, R 13l when rn^O. represents 
a hydrogen atom, hydrocarbon group having up to five carbons, or Brpnsted acjd residue and, when m-Q, a hydrogen 
atom or hydrocarbon group having up to five carbons. Further, a carboxylic-acid-based resin may be a copolymer of 
the unsaturated monomer (A) with the unsaturated monomer (B) and the above-mentioned comonomer. Note that a 
Brensted acid residue referred in Formula (Vil) is a group liberating a proton such as a carboxyl group, phosphate 
* 5 group, a phosphite group, sulfonate group, and hydroxyl group. Note that the Brensted acid residue group referred in 
the present Invention Includes a hydrocarbon group having up to five carbons and at least one hydrogen atom substh 
tuted by the above group liberating a proton. 

[0029] One or more than one of these carboxyl jc-acid-based resins are used as occasion demands. Note that a 
process of producing the carboxylic-acld-based resin is not especially limited. 
• 30 [0030] Although It depends on the kinds of the unsaturated aldehyde, reaction conditions, etc.. the ratio of the number 
of nitrogen containing groups and the number of carboxyl groups of a carboxylic-acid-based resin (the number of the 
nitrogen containing groups/the number of carboxyl groups) is preferably in a range between 1/1000 and 1/1, more 
preferably in a range between 1/100 and 1/1.5(2/3), and most preferably In a range between 1/20 and 1/2. The nitrogen 
containing group referred herein is an amide group having a structure expressed by Formula (II). (Ill), or (IV) or amide 
35 group residue derived from the unsaturated monomer (3). Neither a ratio smaller than 1/1 000 nor a ratio greater than 
1/1 is preferable, because the consecutive reaction {side reaction) of the reaction product, namely, hydroxyalkanal, 
can not be curbed. 

[0031] When the carboxylic-acjd-pased resin is a (meta)acryllc acld-(meta)acrylamides copolymer, an amount of 3 v 
(meta)acrylamide in the copolymer Is determined in a range between 0.1 percent by mole and 50 percent by molo 
40 depending on the kind3 of the unsaturated aldehyde, reaction conditions, etc. Further, when the carboxylic-acid-based 
resin is a (meta)acryllc acid-vinyl pyrolidones copolymer, an amount of a vinylpyrolidone in the copolymer is determined 
in a range between 0.1 percent by mole and 50 percent by mole depending on the kinds of the unsaturated aldehyde, 
reaction conditions. 

[0032] A metal-carrying carboxylic-acid-based resin is preferable to obtain hydroxyalkanal at high selectivity and 
46 yield. Metal referred herein includes copper, lead, nickel, zinc. Iron, cobalt, bismuth, tin, antimony, alkalinB earth metal. 
Of all these examples, copper, and in particular, lead are preferable because hydroxyalkanal can be produced at high 
selectivity and yield. 

[0033] Although it depends on the composition of a carboxyllc-aeld-based resin, an amount of metal carried by the 
carboxylic-acid-based resin is preferably in a range between 0.001 percent by weight and 10 percent by weight, and 

» more preferably in a range between 0.01 percent by weight and 5 percent by weight, and most preferably in a range 
between 0.01 percent by weight and 1 percent by weight. A metal carrying amount less than 0,001 percent by weight 
is not preferable because it is insufficient to realize the effect of having the msatal be carried by the resin. A metal 
carrying amount exceeding 1 0 percent by weight Is not preferable either because the yield of hydroxyalkanal is reduced. 
Note that "carrying" referred herein does not specify a particular form, In other words, either a salt or chelate and either 

& an adsorption type or inclusion type will do. Also, either metal ions or metal will do. Examples of metal Ions are an 
oxide, a halide, a sulfide. 

[0034] A process of having the metal be carried by a carboxylic-acid- based resin is not especially limited, and any 
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known method is applicable. For example, when lead is to be carried by a carboxylic-acid-based resin, the carboxylic- 
acid-based resin is soaked in a solution of a predetermined amount of lead compounds, such as a lead nitrate or lead 
acetate, and stirred under predetermined conditions to perform a cation exchange. Subsequently, the carboxylic-acid- 
baaed resin is collected by filtration or the like and rinsed with water 
5 [0035] The carboxyllc-acld-based resin thus obtained Is not necessarily dissolved uniformly in an unsaturated alde- 
hyde solution, and the state of the carboxylic-acid-based resin in the unsaturated aldehyde is not especially limited: 
however, a solid carboxylic-acid-based resin is preferred. A crossl inking agent may be used in producing thecarboxylic- 
acid-based resin, and neither an adding amount nor the kind thereof Is especially limited* 

[0036] The reason why a metal-carrying carboxy lic-acid-b ased resin exhibits an excellent catalytic action in producing 
to hydroxyalkanal out of an unsaturated aldehyde is not apparent, but the metal-carrying carboxylic-acid-based resin Is 
assumed to curb the consecutive reaction of the reaction product, namely, hydroxyalkanat. 

[0037] In case that the unsaturated aldehyde js acrolein, it is preferable to add 1.3- propanediol, which is derived 
from the object product, namely, 3-hydroxypropanal, to the reaction solution to obtain 3-hydroxypropanal at high ae- 
lectlvity and yield. An adding amount of 1 r 3-propanediol with respect to acrolein is preferably in a range between 0.001 

is percent by weight and 1 0 percent by weight, more preferably In a range between 0.01 percent by weight and 5 percent 
by weight, further preferably in a range between 0,1 percent by weight and 2 percent by weight, and most preferably 
about 1 percent by weight. An adding amount less than 0.001 percent by weight is not preferable because it is insufficient 
to realize the effect of adding 1,3-propanediol. An adding amount exceeding 10 percent by weight is not preferable 
either because the yield of 3-hydroxypropanal is reduced. 

20 [0038] The reason why adding 1 ,3-prbpanediol to the reaction solution brings excellent action and effect in producing 
3-hydroxypropanal out of acrolein is not apparent, but 1,3-propanediol is assumed to bond to a carboxylic-acld-based 
resin where the reaction takes place, so that the bonded portion win be masked to some extent, thereby curbing the 
consecutive reaction of the reaction product, namely, 3-hydroxypropanal. 

[0039] A metal-carrying Ion exchange resin is not especially limited. Any ion exchange resin which is suitable for the 
hydration reaction of an unsaturated aldehyde will do. Metal carried by thB ion exchange resin is not especially limited 
either, but preferred metal is lead. An amount of the Ion exchange resin with respect to the unsaturated aldehyde is 
not especially limited, and it can be determined depending on the kinds of the unsaturated aldehyde and Ion exchange 
resin- A process of producing the ion exchange resin is not especially limited. 

[0040] Although it depends on the composition of an ion exchange resin, an amount of metal carried by the Ion 
30 exchange resin is preferably in a range between 0.001 percent by weight and 10 percent by weight, more preferably 
in a range between 0.01 percent by weight and 5 percent by weight, and most preferably in a range between 0.01 
percent by weight and 1 percent by weight A metal-carrying amount less than 0.001 percent by weight is not preferable 
because it Is Insufficient to realize the effect of having the metal be carried by the ion exchange resin. A metaf-carrying 
amount exceeding 10 percent by weight is not preferable either because the yield of hydroxyalkanal is reduced. 
35 [0041] A process of having the metal be carried by an ion exchange resin is not especially limited, and it can be dona 
in the same manner as the metal-carrying carboxylic-acid-based resin, 

[0042] The cart>oxylic acid added to the reaction solution in the present invention as occasion demands is not es- 
pecially limited, and either a monocarboxylic acid or polycarboxylic acid will do. Examples of the carboxyllc acid are: p 
(1) a monocarboxylic acid, such as a formic acid, an acetic acid, a (meta)acrylic acid, and (2) a dicarboxylic acid, such 
40 as an oxalic acid. Of all these examples, a polycarboxylic acid, In particular, a dicarboxylic acid, such as oxalic acid, 
is preferable. 

[0043] An adding amount of the carboxylic acid to the reaction solution with respect to the unsaturated aldehyde is, 
although It depends on the kinds of the unsaturated aldehyde and carboxylic acid, etc., preferably in a range between 
0.01 percent by weight and 10 percent by weight, more preferably in a range between 0.01 percent by weight and S 
45 percent by weight, and most preferably in a range between 0.01 percent by weight and 3 percent by weight An adding 
amount less than 0.01 percent by weight is not preferable because it is not sufficient to realise the affect of adding the 
carboxylic acid. An adding amount exceeding 10 percent by weight is not preferable either because the yield of hy- 
droxyalkanal is reduced. 

[0044] A reaction temperature at which an unsaturated aldehyde is hydrated using a catalyst Is not especially limited. 

so but a preferable range Is between 50°c and 250°C. In case that acrolein is used as the unsaturated aldehyde, a 
preferable range is between 50°C and 140 B C. A reaction temperature below 50°C Is not economically preferable be- 
cause a reaction rata is decreased and a hydration reaction takes a long time, A reaction temperature exceeding 250PC 
is not.preferabiB either because the unsaturated aldehyde triggers a side reaction, such as polymerization, and thus 
reduces the yield of hydroxyalkanal. 

56 [0045] The present invention can be performed in a batch, semi-batch, or continuous manner, but in any case, a 
closed vessel Is preferred for the reaction step. A reaction pressure inside the closed vessel is not especially limited, 
buta preferable range is between 0.1 MPa and 2 MPa. In case that a reaction takes place below a boiling point of the 
unsaturated aldehyde, jt is preferable to apply a reaction pressure in a range between 0.1 MPa and 0.5 MPa to the 
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reaction vessel by taking a vaporization pressure of the unsaturated aldehyde and other ingredients into consideration. 
The above reaction pressure is applied, for example, by filling an inert gas(N 2 gas, He gas» etc.) into the reaction 
vessel. The higher the reaction pressure, the more the unsaturated aldehyde dissolves in water and the higher the 
yield of hydroxyalkanal becomes. On the other hand, the anti-pressure structure of the reaction vessel must be rein- 
5 forced, which increases the size of the vessel undesirably Thus, when setting a reaction pressure, these factors must 
be taken into consideration. 

[0046] When the reaction ends, the object product, namely, a hydroxy alkana I sotution, can be readily obtained by a 
simple separation process, such as filtration and distillation. Further, hydroxyalkanal can be readily separated from the 
solution If so desired. In case of 3-bydroxyalkanal of hydroxyalkanals. It may exist in the form of a hemlacetal and an 
10 acetal in the solution, but they can be easily converted Into 3-hydroxyalkanal. Likewise, hydroxyalkanal, In the presence 
of alcohol, may exist in the form of a hemlacetal and an acetal of the corresponding alcohol, but they can be easily 
converted into hydroxyalkanal. 

[00471 Note that collected water, carboxylic-acid-based resin and Ion exchange resin serving as a catalyst, carboxyllc 
acid, and unreacted unsaturated aldehyde can be used repetitively for the hydration reaction. 
15 [0048] Hereinafter, the present invention is Illustrated by the following examples of a preferred embodiment in com- 
parison with comparative examples not according to the invention. However, the present invention Is not limited to the 
undermentioned examples. Note that a conversion of the unsaturated aldehyde expressed by Formula (I) and the 
selectivity of the resulting hydroxyalkanal are defined as follows: 

20 

(1) A conversion of unsaturated aldehyde(%) = (the mole number of consumed unsaturated 
aldehyde/the mole number of supplied unsaturated aldehyde) x 100 



(2) Selectivity of hydroxyalkana!(%) = (the mole number of unsaturated aldehyde 
converted into hydroxy alkanal/the mole number of consumed unsaturated aldehyde) x 100 



(3) Selectivity of dlmerized hydroxyalkanal (%) = (the mole number of unsaturated aldehyde 
converted into dimerized hydroxyalkanal /the mole number of consumed unsaturated aldehyde) x 100. 

35 [0049) The amounts of the unsaturated aldehyde, hydroxyalkanal. and dlmerteed hydroxyalkanal are measured In 
any known manner, and gas chromatography (GC), one of known methods, is used in the present invention. 

(FIRST EXAMPLE] 

ao [0050J A predetermined amount of water is poured into a reaction vessel equipped with a thermometer, a stirring 
instrument, and trie like, and a predetermined amount of an unsaturated aldehyde, namely, acrolein, is also poured 
into the reaction vessel, so that the density of the resulting solution is 17 percent by weight Next* a predetermined 
amount of a catalyst, namely, acrylic acid-acrylamide copolymer (carboxylic-acid-based resin), is added to the solution. 
The amount of acrylamide in the acrylic acid-acrylamide copolymer is 5 percent by mole. The above reaction solution 

45 is subject to reaction for three hours with Stirling at B0°C to hydrate acrolein. The reaction conditions are set forth In 
TABLE 1 below. 

[0051] When the reaction ends, the resulting reaction solution is filtered, and analyzed In a predetermined manner, 
the results of which are set forth below and TABLE 2 below. 

SO (1) conversion of acrolein : 44% 

(2) selectivity of 3-hydroxypropanal ; 57% 

(3) selectivity of dimerized 3-hydroxypropanal: 9% 

(4) selectivity of hydroxyalkanal : 66% 
(total of (3) and (4)) 

55 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[0052) There is produced a solution containing fi.1 percent by weight of 3-hydroxypropanal and 1 .3 percent by weight 
of dlmerized 3-hydroxypropana| both obtained as the result of the above hydration reaction. A known raney nickel 
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catalyst is added to the resulting solution to hydrogenate 3-hydroxypropanal and dimerized 3-hydroxypropanal. Reac- 
tion conditions are: a hydrogen pressure of 10 MPa, a reaction temperature of 60°C, and reaction time of six hours. 
When the reaction ends, the resulting solution is analyzed and it is acknowledged that there Is produced 1 ,3-propanediol 
in an amount equal to a total of 3-hydroxypropanal and dimerized 3-hydroxypropanal. In other words, 1 ,3-propanediol 
s is quantitatively produced. This indicates that dimerized 3-hydroxypropanal is converted into 1,3-propanediol by a 
known hydrogenation process. 

[SECOND EXAMPLE} 

10 [0053] An analysis is conducted in the same manner as the first example except that lead is carried by acrylic acid- 
acrylamida copolymer serving as the catalyst, 2.5 percent by weight of 1 ,3-propanediol with respect to acrolein Is added 
to the reaction solution, and the reaction temperature is increased to 9r>C. An amount of lead carried by the acrylic 
acid-acrylamide copolymer Is kept equal to or lower than a predetermined level, namely, not more than 5 percent by 
weight. The reaction conditions are set forth in TABLE 1 below. 

is [0054] The results of the analysis are set forth below and TABLE 2 below. 

(1) conversion of acrolein : 51 % 

(2) selectivity of 3-hydroxypropanal : 77% 

(3) selectivity of dimerized 3-hydroxypropanal: 1 5% 
20 (4) selectivity of hydroxyalkanal : 92% 

(totalof(3)and(4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
25 [THIRD EXAMPLE] 

[0055] An analysis is conducted In the same manner a3 the second example except that the density of acrolein is 
increased to 28 percent by weight from 17 percent by weight. The reaction conditions are set forth in TABLE 1 below. 
[0056] The results of the analysis are set forth below and TABLE 2 below. 

3P 

(1 ) conversion of acrolein : 38% 

(2) selectivity of 3-hydroxypropanal : 64% 

(3) selectivity of dimerized 3-hydroxypropanal: 23% 

(4) selectivity of hydroxyalkanal : 87% (total of (3) and (4)) 

35 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[FOURTH EXAMPLE] , 

40 [0057] An analysis is conducted in the same manner as the third example except that the amount of acrylamlde in 
the acrylic acid-acrylamide copolymer Is Increased to 20 percent by mole from 5 percent by mole. The reaction con- 
ditions are set forth In TABLE 1 below. 

[0058] The results of the analysis are set forth below and TABLE 2 below. 

« (1) conversion of acrolein : 56% 

(2) selectivity of 3-hydroxypropanal : 67% 

(3) selectivity of dimerized 3-hydroxypropanal: 12% 

(4) selectivity of hydroxyalkanal : 79% 
(total of (3) and (4)} 

50 

The catalyst used herein renders excellent heat resistance and can be used repetitively forth© hydration reaction. 
[FIFTH EXAMPLE] 

55 [0059] An analysis is conducted in the same manner as the third example Bxcept that acrylic acid-N,N-dimethylacr- 
ylamide copolymer is used instead of acrylic acid-acrylamide copolymer. The amount of N,N-dimethylacrylamida atid- 
N,N-dlmethylacrylamide in the acrylic copolymer is 5 percent by mole. The reaction conditions are set forth in TABLE 
1 below. 



PAGE 14/26 * RCVD AT 1/8/2007 3:11:06 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-3/7 * DNIS:2738300 * CSID:281 834 1231 * DURATION (mm-ss):0840 



JAN-08-20Q7 HON 02=15 PM EXXONMOBIL 



FAX NO. 281 834 1231 



P. 15 



EP 0 713 853 B1 

[0060] The results of the analysis are set forth below and TABLE 2 below. 

(1 ) conversion of acrolein ; 41% 

(2) selectivity of 3-hydroxypropanal : 60% 

s (3) selectivity of dimerized 3-hydroxypropanal: 20% 

(4) selectivity of hydroxyalkanal : 80% 
(total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 

JO 

[SIXTH EXAMPLE] 

[0061] An analysis Is conducted In the same manner as the third example except that acrylic acid-NHsopropylacry- 
lamlde copolymer is used instead of acrylic acid-acrylamide copolymer. The amount of ISMsopropylacrylamide in the 
*5 acrylic acid-N-isopropylacrylamide copolymer is 5 percent by mole. The reaction conditions are set forth in TABLE 1 
below. 

[0062] The results of the analysis are set forth below and TABLE 2 below. 

(1) conversion of acrolein : 42% 

m (2) selectivity of 3-hydroxypropanal : 57% 

(3) selectivity of dlmenzed 3-hydroxypropanal: 19% 

(4) selectivity of hydroxyalkanal : 76% 
(total of (3) and (4)) 

25 The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[SEVENTH EXAMPLE] 

[0063] An analysis is conducted in the same manner as the third example except that acrylic acid-N,N-dimethylami- 
30 nopropylacrylamide copolymer is used instead of acrylic acid-aery lamlde copolymer. The amount of N.N-dimethylami- 
nopropylacrylamide acid-N.N-dimethylaminopropylacrylamlde In the acrylic copolymer is 5 percent by mole. The re- 
• action conditions are set forth in TABLE 1 below. 
10064] The results of the analysis are set forth below and TABLE 2 below. 

3S (1) conversion of acrolein : 46% 

(2) selectivity of 3-hydroxypropanal : 57% 

(3) selectivity of dtmenzed 3-hydroxypropanal: 18% 

(4) selectivity of hydroxyalkanal : 75% 
(total of (3) and (4)) 

40 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[EIGHTH EXAMPLE] 

45 [0065] An analysis Is conducted In the same manner as the third exampfB except that acrylic acid-N,N-diethylacry- 
lamide copolymer is used instead of acrylic acid-acrylamide copolymer. The amount of N,N-diethylacrylamide in the 
acrylic acid-N,N-diethyiacry lamide copolymer is 5 percent by mole. The reaction conditions are sat forth in TABLE 1 
below. 

[0066] The results of the analysis are set forth below and TABLE 2 below. 

50 

(1 ) conversion of acrolein : 58% 

(2) selectivity of 3-hydroxypropanal : 65% 

(3) selectivity of dimerlzed 3-hydroxypropanal: 12% 

(4) selectivity of hydroxyalkanal ; 77% 
ss (total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
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[NINTH EXAMPLE] 

[0067] An analysis is conducted in the same manner as the first example except that acrylic acid-N.N-dlmethytaml- 
nopropylacrylamide copolymer is used instead of acrylic acid-acrylamida copolymer, 1 .3 percent by weight of 1 ,3-pro- 
5 panediol with respect to acrolein is added to the reaction solution, and a reaction temperature is Increased to 90PC. 
The amount of N,N<limethy!aminopropylacrylarriide in thaacrylicacid-N r N-dimelhylaminopropylacrylarnidecopolymer 
is 5 percent by mole. The reaction conditions are set forth in TABLE 1 below. 
[0068] The results oF the analysis are set forth below and TABLE 2 below. 

10 (1) conversion of acrolein : 30% 

{2) selectivity of 3-hydroxypropanal : 64% 

(3) selectivity of dimerized 3-hydroxypropanal: 16% 

(4) selectivity of hydroxyalkanal : 80% 
(total of (3) and (4)) 

15 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
(TENTH EXAMPLE] 

20 [0069J An analysis is conducted in the same manner as the first example except that acrylic acid^-vlnylpyrotldone 
copolymer is used instead of acrylic aeid-acrylamlde copolymer, and 2.5 percent by weight of 1 ,3-propanediol with 
respect to acrolein is added to the reaction solution. The amount of N-vinyipyroIldone In the acrylic acid-N-vinylpyro- 
lidone copolymer is 5 percent by mole. The reaction conditions are set forth in TABLE 1 below, 
(0070] The results of the analysis are set forth below and TABLE 2 below. 

25 

(1) conversion of acrolein : 28% 

(2) selectivity of 3-hydroxypropanal : 71% 

(3) selectivity of dimerized 3-hydroxypropanal: 8% 

(4) selectivity of hydroxyalkanal : 79% 
30 (tota!of<3)and(4)) 

ThB catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction, 
[ELEVENTH EXAMPLE] 

35 

[0071] An analysis is conducted in the same manner as the tenth example except that the density of acrolein Is 
Increased to 28 percent by weight from 17 percent by weight. The reaction conditions are set forth in TABLE 1 below. 
[0072] The results of the analysis are set forth below and TABLE 2 below. 

to (1 ) conversion of acrolein : 1 7% 

(2) selectivity of 3-hydroxypropanal : 65% 

(3) selectivity of dimerized 3-hydroxypropanal: 9% 

(4) selectivity of hydroxyalkanal : 74% 
(total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[FIRST COMPARATIVE EXAMPLE] 

so [0073] An analysis Is conducted In the same manner as the second example except that an aluminium-carrying ion 
exchange resin is used instead of the lead-carrying acrylic acid-aery lamide copolymer, the reaction temperature is 
lowered to 70°C, and no 1 ,3-propanediol is added to the reaction solution. Duolite C467, namely, "Duolite* of Rohm & 
Haas Co., is used as the ion exchange resin, and an amount of lead carried by the resin is kept equal to or lower than 
a predetermined level, namery, not more than 5 percent by weight. The reaction conditions are set forth In TABLE 1 

55 below. 

[0074] The results of the analysis are set forth below and table 2 below. 
(1 ) conversion of acrolein : 44% 
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(2) selectivity of 3-hydroxypropana! - 46% 

(3) selectivity of dimerizad 3-hydroxypropanBl: 5% 

(4) selectivity of hydroxyalKanal : 51% 
(total of (3) and (4)) 

5 

The catalyst used herein renders poor heat resistance and can not be used repetitively for the hydration reaction. 



TABLE 1 
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ACROLEIN 

DENSITY 

(%WT) 


CARBOXYLIC-ACID- 
BASED RESIN 
(COPOLYMER) 


TEMP. 


TIME 
(HR) 


1,3-PROPANE 
-DIOL (%WT) 


AMOUNT 
OF Pb 
(%WT) 


15 


EX. 1 


17 


A-ACRYLAMIDE 

(ACRYLAMIDE 

5%MOL) 


80 


3 


— 






EX.2 


17 


A-ACRYLAMIDE 

(ACRYLAMIDE 

5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


20 


EX.3 


28 


A-ACRYLAMIDE 

(ACRYLAMIDE 

5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


25 


EX.4 


28 


A-ACRYLAMIDE 

(ACRYLAMIDE 

20%MOL) 


90 


3 


2.5 


5 OR 
LESS 


30 


EX. 5 


28 


A-N>N-DlMETHYL 
ACRYLAMIDE (N,N- 
DIMETHYL 

ACRYLAMIDE 5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


EX.6 


28 


A-N-tSOPROPYL 
ACRYLAMIDE (N- 
ISOPROPYL- 
ACRYLAMIDE 5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


35 
40 


EX.7 


28 


A-N.N-DIMETHYL 

AMINOPROPYL 

ACRYLAMIDE (N,N- 

DIMETHYLAMINO- 

PROPYLACRYLAMIDE 

5%MOL) 


90 


3 


2.5 


5 OR 

LESS 


45 


EX. 8 


28 


A-N,N-Dl ETHYL 
ACRYLAMIDE (N.N- 
DIETHYL- 

ACRYLAMIDE 5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


SO 


EX.9 


17 


A-N ,N-Dl METHYL- 

AMINOPROPYL 

ACRYLAMIDE (N.N- 

DIMETHYLAMINO- 

PROPYLACRYLAMIDE 

5%MOL) 


90 


3 


1.3 




55 


EX.10 


17 


A-N -VINYL- 
PYROLIDONE (N- 
VINYLPYROLIDONE 
5%MOL) 


80 


3 


2.5 
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TABLE 1 (continued) 
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10 





ACROLEIN 

DENSITY 

(%WT) 


CAR0OXYUC-ACID- 
BASED RESIN 
(COPOLYMER) 


TEMP. 
(°C) 


TIME 
(HR) 


1,3-PROPANE 
-DIOL (%WT) 


AMOUNT 
OF Pb 
(%WT) 


EX.11 


28 


A-N-VINYL- 
PYROLIDONE (N- 
VINYLPYROLIDONE 
5%MOL) 


80 


3 


2.5 




COMPARATIVE 
EX. 1 


17 


ION EXCHANGE 
RESIN 


70 


3 




AISOR 
LESS 


A represents acrylic add 



15 



20 



25 



30 



35 



40 



45 



50 



55 



PAGE 18/26 * RCVD AT 1/8/2007 3:11:06 PM [Eastern Standard TimeJ * SVR:USPTO-EFXRF-3/7 * DN1S:2738300* CSID:281 834 1231 * DURATION (mm.ss):08-40 



JAN-08-20Q7 HON 02:16 PM EXXONMOBIL FAX NO, 281 834 1231 P. 19 



EP 0 713 853 B1 



5 



10 



15 



20 



2S 



35 



45 



55 



'OF 

KANAL (%) ■ 


CO 


3 




2 


00 


<D 








h- 


2 




y s 

LU >- 
CO X 


























SELECTIVITY OF DIMERIZED 
3-HYDROXYPRORANAL (%> 




in 


CM 


CM 


CM 








CO 
*-* 


CO 


CD 


in 


NAL (%) 


























rY OF 
fPROPA 




fc 


3 


& 


O 

CO 


ID 


in 


£ 


3 




in 
CD 


to 
*r 


SELECTIVI' 
3-HYDROX 




















































\CROLE 


























/ERSIOM OF> 




LO 


CO 

en 


CO 

ID 


? 




CD 


CO 


o 
to 


cO 
CM 




5 


O Cp 
O £- 


















































X 
UJ 


























LU 

> 

i 




X 
LU 


M 

a 


x 

Ul 


X 
Ul 


tA 

as 


£5 


d 


eo 

X' 
LU 


<Ji 

X 
U4 


X 
Ul 


X 
UD 


8 



13 



PAGE 19/26 ' RCVD AT 1/8/2007 3:11:06 PM [Eastern Standard Time) 1 SVR:USPTO-EFXRF-3/7 ' DNIS:2738300* CSID:281 834 1231 * DURATION (mm-ss):0840 



JAN-08-2007 HON 02=16 PM EXXONMOBIL 



FAX NO. 281 834 1231 



P, 20 



EP 0 713 853 B1 

[0075) TABLE 2, reveals that using a carboxyllc-acid-based resin having a nitrogen containing group as a catalyst 
can increase the reaction rate by heating while curbing the consecutive reaction of the reaction product, namely, 3-hy- 
droxypropanal. Thus, 3-hydroxypropanal can be produced at high selectivity and yield out of a high-density acrolein 
solution. In addition, the catalyst retains excellent heat resistance and can be used repetitively. 

5 

[TWELFTH EXAMPLE] 

[0076] A predetermined amount of water is poured into a reaction vessel equipped with a thermometer, a stirring 
instrument, and the like, and a predetermined amount of acrolein is also poured into the reaction vessel. 30 that the 

10 density of the resulting solution is 17 percent by weight Also, a predetermined amount of lead-carrying Ion exchange 
resin and 2.5 percent by weight of a carboxyllc acid, namely, an oxalic acid, with respect to acrolein are added to the 
above solution. "Duollte" of Rohm & Haas Co., is used as the ion exchange resin, and an amount of lead carried by 
the resin is kept equal to or lower man a predetermined level, namely, not more than 5 percent by weight. 
[0077] The above reaction solution is subject to reaction for two hours with stirring at 60°C to hydrate acrolein. When 

ts the reaction ends, the resulting reaction solution is filtered, and analyzed in a predetermined manner, the results of 
which are set forth below. 

(1) conversion of acrolein : 53% 

(2) selectivity of 3-hydroxypropanal : 85% 

20 (3) selectivity of dimerized 3-hydroxypropanal : 13% 

(4) selectivity of hydroxyalkanal ; 98% 
(total of (3) and (4)) 

[THIRTEENTH EXAMPLE) 

26 

[0078] An analysis is conducted in the same manner as the twelfth example except that the density of acrolein is 
increased to 29 percent by weight from 17 percent by weight, and the reaction time is increased to three hours, the 
result of which are set forth below. 

30 (1 ) conversion of acrolein : 65% 

(2) selectivity of 3-hydroxypropanal ; 40% 

(3) selectivity of dimerized 3-hydroxypropanal ; 14% 

(4) selectivity of hydroxyalkanal : 54% 
(total of (3) and (4)) 

35 

[SECOND COMPARATIVE EXAMPLE} 

[0079] An analysis is conducted in the same manner as the twelfth-fifth example except that a carboxyllc acid, namely, 
an oxalic ac|d, is omitted, the results of which are set forth below. 

40 

(1) conversion of acrolein ; 55% 

(2) selectivity of 3-hydroxypropanal : 79% 

(3) selectivity of dimerized 3-hydroxypropanal: 10% 

(4) selectivity of hydroxyalkanal : 69% 
*s (total of (3) and (4)) 

Here, the conversion of acrolein is low and an abundance of products are produced as a result of the consecutive 
reaction of 3-hydroxypropanal. 

[0080] The results of the twelfth and thirteenth examples reveal that, when a catalyst Is a lead-carrying ion exchange 
50 resin and an oxalic acid is added to the reaction solution, not only an industrially advantageous short-time conversion 
of acrolein can be Improved, but also the consecutive reaction of the reaction product, namely. 3-hydroxypropanal, is 
curbed. Thus, 3-hydroxypropanal can be produced at high selectivity and yield out of a high-density acrolein solution. 



H Claims 

1. A process of producing a hydroxyalkanal comprising hydrating an unsaturated aldehyde of the general formula 
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R 

H 2 C=CCHO (I) 

in which R js a hydrogen atom or a hydrocarbon group having up to five carbon atoms, in solution in the 
presence of a carboxylic acid-based resin containing at least one substlluem group selected from those of the 
general formulae 



li I 

O R x 



In which each of R 1 and R 2 is a hydrogen atom, a hydrocarbon group having up to five carbon atoms or -(- 
CH 2 -) p1 -X, each of Pt k t and fY^ Is zero or an integer from one to six, n 1 is an integer from one to six, Is 
one of -O-, -S- and -NR r . R 3 is a hydrogen atom or a hydrocaroon group having up to five carbon atoms and 
20 x represents the carboxylic acid-based resin main body; 



X-(-CH^)^-N C - 0 (III) 

I [-caA-) ql 1 



In which each of R 4 and R s is a hydrogen atom or a hydrocarbon group having up to five carbon atoms, l<2 Is 
zero or an integer from one to six. q, is an integer from three to six, and X represents the carboxylic acid- 
30 based resin main body; 

X- (-CH 2 -) k3 -N-C-R, (IV) 
I II 

35 *6° 

in which R 6 is a hydrogen atom, a hydrocarbon group having up to five carbon atoms or -("CH 2 -) p2 -X 1 pj is 
zero or an Integer from one to six, R 7 is a hydrocarbon group having up to five carbon atoms or -(-CH 2 -)p3-X, 
each of p 3 and K 3 Is zero or an integer from one to six, and X represents the carboxylic acid-oased resin main 
40 body, and wherein the ratio of carboxyl groups to nitrogen containing groups in the carboxylic acid-based resin 

ranges from 1/1000 to 1/1. 

2. A process according to claim 1 1n which the carboxylic acid-based resin is a copolymer of an unsaturated monomer 
(A) containing a carboxyl group and an unsaturated monomer (0) containing an amide group or both an amino 

46 and an amide group. 

3. A process a ccord Ing to claim 2, wherein the nitrogen atom of the amino group and/or amide group of the unsaturated 
monomer (B) carries a substituent group of the general formula 



so 



+(-CH 2 -VY 3 .] m3 -R 13 (VII) 



in which n 3 is an integer from one to six, Y 3 is one of -0-, -S-, -NR 14 - and -CH r . R 14 is a hydrogen atom or a 
hydrocarbon having up to five carbon atoms, rrh is zero or an integer from one to six and R 13 Is a hydrogen atom, 
55 a hydrocarbon group having up to five carbon atoms or a Brensted acid residue when m 3 * 0, or is a hydrogen 

atom or a hydrocarbon group having up to five carbon atoms when m a = 0. 
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4. A process according to any one of claims 1 to 3, wherein the carboxyllc acid-based resin carries at least one metal. 

5. A process according to claim 4, wherein the metal is selected from copper, lead, nickel, zinc, iron, cobalt, bismuth, 
tin, antimony and alkaline earth metals. 

s 

6. A process according to claim 4 or claim 5. wherein the amount of metal carried by the carboxyllc acid-based resin 
Is from 0.001 to 10 percent by weight. 

7. A process according to any one of claims 1 to 6, wherein the carboxylic Bcid-based resin is a (meth)acrylic add- 
to based resin. 

8. A process according to claim 7, wherein the <meth)acry|jc acid-baaed resin is selected from (meth)acrylic acid- 
(meth)acrylamide copolymers and (meth)acrylic acid- vinylpyrrolidone copolymers. 

19 9. A process according to claim 1 in which the carboxylic acid based resin is a metal-carrying Ion exchange resin. 

10. A process according to claim 9, wherein an amount of metal carried by the Ion exchange resin is from 0.001 to 10 
percent by weight. 

to 11. A process according to claim 10. wherein the metal Is lead. 

1 2. A process according to a ny one of claims 1 to 1 1 . wherein hydration Is carried out at a temperature from 50 to 250°C. 

13. A process according to any one of claims 1 to 12. wherein hydration is carried out under a pressure from 0.1 to 2 
25 MPa. 

14. A process according to any one of claims 1 to 13, wherein the density of the unsaturated aldehyde solution is from 
5 percent by weight to saturation, 

30 15. A process according to any one of claims 1 to 14. wherein unsaturated aldehyde is selected from acrolein, msth- 
acrolein. 2-formyM-butene. 2-formyM-pentBne. 2-formyM-hexene and 2-formyM-heptene. 

16. A process according to claim IS, wherein the unsaturated aldehyde is acrolein and wherein hydration is carried 
out at a temperature from 50 to 140 fi C. 

35 

17. A process according to claim 16 p carried out In the presence of 1,3-propanedio|. 

18. A process according claim 17, wherein the solution contains from O.O01 to 10 percent by weight 1,3-propanedlol 
with respect to aero la in. 

40 

19. A catalyst for use In a process according to any one of claims 2 to 8 and 12 to 1B, comprising a carboxylic acid- 
based resin of a copolymer of an unsaturated monomer (A) containing a carboxy! group with an unsaturated mon- 
omer (B) containing an amide group or both an amide and an amino ojoup. 

4$ 20. A catalyst according to claim 19, having the features specified in any one of. claims 3 to 10. 



Patentansprijche 

so 1. Verfahren zur Herstellung eines Hydroxy aldehyds, bei dem eln ungesattigter Aldehyd der allgemeinen Forme! 



R 

I it) 
ss HaC = CCHO 

in der R fQr ein Wasserstoffatom Oder eine Kohlenwasserstoflgruppe mil bis zu fPnf Kohlenstoffatomen stent, 



ie 
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in Lbsung in Gegenwart einas Harzes auf Carbonsaurebasis hydratlslert wird, welches mindesiens einen Sub- 
stttuenten ausgow^hlt aus solchen der ailgameinen Forrneln 



X-(^H 2 -)k L-C^N-I^-CHa-Jai-YiHrn 1-R2 

l> I (ID 
O R x 



10 



20 



in der R 1 und R 2 JeweiJs fQr ejn Wasserstoffatom, ein© Kohlenwasserstoffgruppe mit bis zu funf Kohlenstoff- 
atomen odar -(-CH 2 -) p rX stBhen, P 1( k 1 und Jewells fur Null odor eine ganze Zahl von 1 bis 6, fur eine 
ganze Zahl von 1 bis 6, Yj f0r-O-, -S- oder ^NR 3 - t R 3 fur ein Wasserstoffatom Oder eine Kohlenwasserstoff- 
9ruppe mil bis zu funf Kohlenstoffatomen und X fur den Grundkorper des Harzes auf Carbonsaurebasis stehen, 



X^-GH^r-iy-" " — — — C = 0 

(III) 



in der R 4 und R 5 jeweils fiir ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe mit bis zu funf Kohlen- 
25 stoffatomen, k 2 fiir Null oder eine ganze Zahl von 1 bis 6. fQr aine ganze Zahl von 3 bis 6 und X fur den 

Grundkorper des Harzes auf Carbonsaurebasis stehen. und 

30 I II (IV) 

in der R$ fur ein Wasserstoffatom, eine Kohienwasserstoffgruppe mit bis zu funf Kohlanstoffatomen oder -(- 
35 CH 2 -)p2-X steht p 2 fQr Null oder eine ganze Zahl von 1 bis 6, R 7 fur eine Kohienwasserstoffgruppe mit bis zu 

funf Kohlenstoffatomen oder-(-CH 2 -)p:rX, P3 und \% jeweils fur Null oder eine ganze Zahl von 1 bis 6 und X 
fur den Grundkorper des Harzes auf Carbonsaurebasis stehen, enthalt, und wobei das Verhaltnis von Car- 
boxylgruppen zu Stlckstoff enthaltenden Gruppen in dem Harz auf Carbonsaurebasis im Bereich von 1/1 .000 
bis 1/1 liegt 

AO 

2. Verfahran nach Anspruch 1 , bei dem das Harz auf Carbonsaurebasis ein Copolymer eines ungesattigten Mono- 
mers (A3, das eine Carboxylgruppe enthalt, und eines ungesattigten Monomers (B), das eine Amidgruppe oder 
sowoht eine Aminogruppe ale auch eine Amidgruppe enthaX ist. 

4S 3, Verfahran nach Anspruch 2, bei dem das Stlckstoffatom der Aminogruppe und/oder der Amidgruppe des unge- 
sattigten Monomers (D) elnen Substituenten der allgemeinen Formal 



so 



tragt, in der n 3 fur eine ganze Zahl von 1 bis 6, Y 3 fur -O-. -S-. -NR U - Oder -CH 2 -, R u fur ein Wasserstoffatom 
oder eine Kohlenwasserstoffgruppe mit bis zu funf Kohlenstoffatomen und m 3 fur Null Oder eine ganze Zahl von 
1 bis 6 stehen und R 13 fQr ein Wasserstoffatom. eine Kohienwasserstoffgruppe mit bis zu funf Kohlenstoffatomen 
oder einen Bransted-Saurerest steht, wenn m 3 * 0 gilt bzw. fur ein wasserstoffatom oder eine Kohlenwasserstoff- 
55 gruppe mit bis zu funf Kohlenstoffatomen steht, wenn rr^ - 0 gill, 

4. Verfahran nach einem der Anspruche 1 bis 3, bei dem das Harz auf Carbonsaurebasis mlndestens ein Metall tr3gt. 



17 
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' 5. Verfahren nach Anspruch 4, bei dem das Metal) ausgewahtt wird aus Kupfer, Blei. Nickel, Zink, Eisen, Kobalt, 
Bismuth, Zlnn, Antlmon und Erdalkalimetallen. 

6, Varfahran nach Anspruch 4 oder Anspruch 5, bei dem die Menge an an dem Harz auf Carbonsaurebasis gebun- 
5 danan Metall im Bereich von 0,001 bis 1 0 Gew.-% liagt. 

7. Verfahren nach elnem der AnsprQcha 1 bis 6, bei dam das Harz auf Carbonsaurebasis eln Harz auf (Meth-)Acryl- 
saurebasls 1st. 

10 8. Verfahren nach Anspruch 7, bei dem das Harz auf {Meth-)Acryls^urebasis ausgewahlt wird aus (Metrv)Acrylsaure- 
(Meth-)Acrylamld-Copolymeran und (Meth-)Acryls^ure-VlnylpyrTolidon-Copolymeren. 

9. Verfahren nach Anspruch 1 , bei dem das Harz auf Carbonsaurebasis eln matalltragendes lonenaustauscherharz 

ist. 

15 

10. Verfahren nach Anspruch 9 t bei dem die Menge an an dam lonenaustauscherharz gabundenen Metall im Sereich 
von 0,001 bis 10 Gew.-% liegt. 

11. Varfahron nach Anspruch 10. bei dem das Metall Blei ist. 

12. Verfahren nach einem dar Anspruche 1 bis 11, bei dem die Hydratisierung bei einer Temparatur von 50 bis 250 
"CdurchgafUhrtwird. 

13. Verfahren nach elnem der AnsprOche 1 bis 12, bei dem die Hydratisierung unter einem Druck von 0,1 bjs 2 MPa 
25 dunchgafQhrtwird. 

14. Verfahren nach einem der Anspruche 1 bis 13, bei dem die Konzentratton der Losung des ungesSttigten Aldehyds 
zwischen 5 Gew.-% und sattigung liagt. 

30 15. Verfahren nach einem der Anspruche 1 bis 14, bei dem der ungesattigrte Aldehyd ausgewahlt wird aus Acrolein. 
Methacrolain, 2-Formylbut-1-en. 2-Formylpant-1-en r 2-Formylhex-1-en und 2-Formymept-1-en. 

16. Verfahren nach Anspruch 15, bei dem der ungesattigta Aldehyd Acrolein Ist und bei dam die Hydratisierung bei 
einer Temperatur von 50 bis 1 40 °C durchgefOhrt wird. 

35 

17* Varfahran nach Anspruch 16, das in Gegenwart von Propan-1,3-diol ausgefuhrt wird. 

18. Verfahren nach Anspruch 17. be! dem die Losung bezogen auf das Acrolein 0,001 bis 10 Gew.-% Propan-1 ,3-diol 
anthalt 



20 



40 



4S 



50 



55 



19. Katalysatorzur Verwendung In elnem Verfahren nach einem der AnsprOche 2 bis 8 und 12 bis 18. der mlndestens 
ein Harz auf Carbonsaurebasis ejnes Copolymers elnes ungesaltigten Monomers (A), das eine Carboxylgruppe 
enthalt, mit einem ungesattfgten Monomer (B), das eine Amidgruppe oder sowohl aine Amidgruppe ais auch elne 
Amlnogruppe enthfllt, umfasst 

20. Katalysator nach Anspruch 19, der die In einem der Anspruche 3 bis 10 angagebenen Merkmale besltzt. 
Raven d I cations 

1, Precede de production d'hydroxyalcanal, comprenant I'hydratation d'un aldehyde insature de formule generate : 

H 3 C=CCHO (I) 
dans laquelie R represents un atome d'hydrogene ou un groupa hydrocarbone ayant jusqu'a 5 atomes de 



18 
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carbone, en solution en presence d'une riSslne i base d'acWe carboxyllque, contenant au moins un groupe 
de substitution choisi parmi ceux de formulas generates : 



x + c "rb^ ... (id 

O R; 

io ou chacun de R, et R 2 est un atome d'hydrogene, un groupe hydrocarbon© ayant jusqu'a 5 atomes de carbone 

ou -(-CH 2 -) p1 -X, chacun de p v et m 1 vaut zero ou est un entier de 1 d 6, est un entier de 1 a 6. Y t est 
I'un de -0% -S- et -NR 3 -, R 3 est un atome d'hydrogene ou up groupe hydrocarbons ayant jusqu'a 5 atomes 
de carbone, et X represente le corps principal de la reslne a base d'acjde carboxyllque ; 



15 



20 



2S 



ou chacun de R A et Rs est un atome d'hydrogene ou un groupe hydrocarbone ayant jusqu'a 5 atomes de 
carbone, k 2 vaut 0 ou eat un entier de 1 a 6, est un entier de 3 a 6, et X repr6sente te corps principal de la 
resine a base d'acide carboxylique ; 



X— f-CHr4— N — C — R r 



CIV) 



R fl o 



ou R 6 est un atome d'hydrogene. un groupe hydrocarbons ayant jusqu'a 5 atomes de carbone, ou -i-CH^)^' 
X, p 2 vaut 0 ou est un entier de 1 a 6, R 7 est un groupe hydrocarbone ayant jusqu'a 5 atomes de carbone ou 
-(lcH r ) pr X. chacun de p 3 et k 3 vaut 0 ou est un entier de t a 6, et X represente le corps principal de la reslne 
a base d'acide carboxyllque, 

as 

le rapport des graupes carboxyie aux groupas azotes dans ta resine a base decide carboxylique etant situe dans 
la plage allant de 1/1000 a 1/1. 

2. Procede selon la revendication 1 . dans leque! [a resine a base decide carboxylique est un copolymere d'un mo- 
40 nomere insature (A) contenant un groupe carboxyie et d'un monomere insature (B) contenant un groupe amide 

ou tam un groupe amino qu'un groupe amide. 

3. Procede selon la revendication 2, dans lequel ratome d'azota du groupe amino et/ou du groupe amide du mono- 
mere Insaturti (B) porte un groupe substituant de formule gen6rale : 

45 

i^r^-h^ ■■■ {VII) 

so 

dans laquelle n 3 est un entier de 1 a 6, Y 3 est run de -S- f -NR U - et -CH 2 -, R^ est un atome d'hydrogene ou 
un hydrocarbure ayant jusqu'a 5 atomes de carbone. vaut 0 ou est un entier de 1 a 6, et R 13 est un atome 
d'hydrogene, un groupe hydrocarbone ayant jusqu'a 5 atomes de carbone ou un resldu d'acide de Bronsted quand 
m 3 * 0, ou blen est un atome d'hydrogene ou un groupe hydrocarbone ayant jusqu'a 5 atomes de carbone quand 
55 m 3 = 0. 

4. Procede selon I'une quelconque des revendications 1 a 3. dans lequel la resine a base d'acide carboxylique com- 
porte au moins un metal. 



19 
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5. Procede selon la revendication 4, dans lequel le mdtal est cholsl parmi la cuivre, le plomb. le nickel, la zinc, ie fer ? 
la cobalt, le bismuth, retain, I'antimoine et les metaux alcallno-tarreux. 

. 6. Procede selon la revindication 4 ou la revendication 5. dan3 lequel la quarjtite de metal present© dans la resine 
5 a base d'acide carboxylique est d© 0,001 a 10 % en poids. 

7. Proceda selon I'una quelconque des revendications 1 a 6. dans laquBl la resine a base d'acide carboxylique est 
una resins a base d'acide (meth)acrylique. 

jo 8, Procede selon la revindication 7, dans lequel la reaine a base d'acide (meth)acrylique est cholsls parmi les co- 
polymers acid© (mQth)acryliqua/(metri)acry[amide et les copolymeres acidB (meth)acryllqueMnylpyrrofidone. 

9. Procede selon la revindication 1, dans lequel la resinB a base d'aclda carboxylique est una reslne 6changeuse 
d'ions comportant un metal. 

75 

10. Precede aelon la revendlcatlon 9. dans lequel la quantite de metal presente dans la reaine echangeuse d'iens est 
de 0,001 a 10% en poids. 

11. Procede selon la revendication 10, dans lequel la metal est le pjomb. 

20 

12. Procede selon I'una qualconqua das revendications 1 a 11 , dans lequel rnydratation est realise© a una temperature 
de50a 250°C. 

1 3. Precede selon I'una qualconqua des revendications 1 a 1 2, dans lequel I'hydratatlon est realisee sous une pression 
25 deO,1a2MPa. 

14. ProcGde selon Tune qualconqua des revendications 1 a 13, dans lequel la concentration de la solution d'aldShyde 
insature va da 5 % en poids a la saturation. 

30 15. Procede seton I'une quelconque des revendications 1 a 14, dans lequel f'aldehyde insature B3t cholsl parmi I'acro- 
teine , la methacroleine. le 2-formyM -butane, le 2-formyM -pentene, le 2-formyl-l -hexene et le 2-fermyM -haptens 

16. Procede selon la revendication 15, dans lequel I'aldahyde insature est I'acroleine et I'hydratation est realise a una 
temperature de 50 a 140°C. 

35 

17. Procede selon la revendication 16, realise en presence de 1 r 3-propanedlol. 

18. Procede selon la revendication 17, dans lequel la solution consent da 0,001 a 10 % en poids de 1.3-propanediol 
par rapport a I'acroleine, 

40 

19. Catalyseur a utillser dans un proceda selon rune quelconque des revendications 2 a d et 12 a 1B, comprenant 
une resine a base d'acide carboxylique en un copolymer© d'un monomer© Insature" (A) contenant un groupe car- 
boxyle et d'un monomere insature (B) contenant un groupe amidB ou tant un groupe amide qu'un group© amino. 

45 20. Catalyseur selon la revendication 1 9, ayant les caractarlstiquas specifies dans I'una quelconque des revendica- 
tions 3 a 10. 



SO 



55 
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